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Introduction
Historically, the main focus of healthcare has been the avoidance of preventable mortality. As lifeexpectancy has increased, attention has focused on the need to improve health, as well as longevity.
WHO definition of health encompasses mental and social, as well as physical, wellbeing 1 but, when selfreporting health, people give greater emphasis to physical well-being than psychological well-being. 2 Poor self-reported health (SRH) predicts mortality over 2-13 years follow-up overall, 3 but the association is significantly stronger in men. 4 This has been attributed to women considering a wider range of healthrelated factors and non-health-related factors in the process of assessing their own health. 4 Psychological well-being itself comprises several components, including happiness (hedonic well-being) and life satisfaction (eudaimonic well-being). In the United Kingdom, 38% of people who reported poor health had high levels of life satisfaction, and 20% of those who reported good health had low life satisfaction. 5 Therefore, it is important that study results pertaining to one construct are not inappropriately generalised to another.
High levels of adiposity are associated with many diseases including hypertension, 6 stroke, 7 coronary heart disease, 8 diabetes 9 and arthritis. 10 Evidence is increasing that obesity may also impact adversely on psychosocial well-being. There are conflicting results regarding the association between obesity and poor SRH. Some studies have reported significant associations 11;12 while others have reported no 13 or very weak associations. 14 A recent study from the USA that found no association hypothesised that a shift to the right in the Body Mass Index (BMI) distribution of the general population had changed societal perspectives of what constituted normal weight. 14 Previous studies on obesity have tended to use measures of health-related quality of life (HRQoL) which encompass both physical and psychosocial wellbeing. In recent studies, we demonstrated that obesity was associated with significantly reduced overall HRQoL, irrespective of the presence of comorbid conditions. 15 The physical component of HRQoL was reduced in both overweight and obese adults with evidence of a dose relationship. 16;17 By contrast, the mental component of HRQoL was reduced only among class III obese (≥40 kg/m 2 ), individuals and was increased among overweight adults. 17 On sub-group analyses it was also clear that the overall reduction in the mental component among class III obese was present in women only. 18 While BMI remains the measure of choice for most researchers, there is also growing evidence that favours other anthropometric measurements such as waist circumference (WC), waist to hip ratio (WHR) and body fat percentage (BF%). 19 Studies have reported association between WC, WHR and perceived stress, and higher levels of stress-dependent cortisol. 20 In some recent studies, abnormally high BF% is significantly associated with poor mental health and well-being. 21 Obesity can lead to stigma and discrimination. 22 Compared with men, women are more likely to be judged based on physical appearance. Therefore, it is plausible that obesity will be associated with unhappiness, especially among women. The aim of this study was to explore the relationship between adiposity (objectively measured by BMI, WC, WHR and BF%), SRH and unhappiness among a large sample of UK middle-aged population.
Methods

Data source
UK Biobank is a large, prospective cohort study of 502,682 residents of the United Kingdom, aged between 40 and 69 years. 23;24 The cohort provides one of the largest resources worldwide to study the genetic, environmental and lifestyle factors that cause or prevent disease in middle and older age. 25 Recruitment was undertaken over a 4-year period from 2006 to 2010, but the rating on self-reported happiness was only included in the last two years of recruitment. In due course, follow-up information will be obtained via record linkage to routine health and administrative databases. This cross-sectional study was undertaken using the baseline data on those participants who completed the happiness rating. 27 BF% was dichotomised into normal weight (defined as ≤25% for men and ≤32% for women) and obese (defined as >25% for men and >32% for women). 28 Smoking status, level of alcohol consumption, ethnic group and employment status were self-reported.
Townsend deprivation index is an area-based measure of socioeconomic status and is derived from aggregated information collected in the census on: car ownership; overcrowding; owner-occupation and unemployment. 29 The score includes both positive and negative values, with positive values indicating higher levels of deprivation. The presence of comorbidity was based on self-report of a physician diagnosis. Overall health was self-classified, and based on response to the question "In general, how would you rate your overall health; excellent, good, fair or poor? In this study, we collapsed these into two categories, one comprising excellent and good that we labelled good, and a second comprising fair and poor that we labelled poor. Overall happiness was self-reported, and based on response to the 
Results
Of the 502,682 UK Biobank participants, 163,066 (32.4%) were recruited following inclusion of a happiness rating and were, therefore, eligible for inclusion in this study. Their mean BMI was 27.4 (SD 4.8) (men 27.8 (SD 4.2); women 27.1 (SD 5.2)). Overall, the mean age was 57 years (SD 8 years), and 74,177 (45.5%) were men.
Self-reported health
Overall, 44,457 (27.3%) participants classified themselves as being in poor health. Compared to those with good SRH, those with poor SRH were more likely to be women, obese, deprived, unemployed, nonwhite, smoked and reported comorbidity, but consumed less alcohol and were not significantly different in terms of age (Table 1) . There was a J-shaped relationship between several anthropometric measures and poor SRH in both men ( Figure 1 ), and women ( Figure 2 ). On both univariate and multivariate logistic regression analysis, there were significant associations between all anthropometric measures and SRH (all p<0.001) ( Table 2 ). In relation to BMI category, those participants who were classified as underweight, overweight or obese (class I, II or III) had significantly increased odds of having poor SRH in comparison with normal weight participants with evidence of a dose relationship among participants with above-normal BMI (Table 2) . Similarly, individuals classified as overweight or obese based on the other measures had significantly higher odds of poor SRH compared with individuals of normal-weight, with higher odds for obese than overweight. There was a significant interaction with gender (p<0.001).
Sub-group analyses by sex demonstrated that the overall patterns of association were common to both men and women, but the odds ratios associated with class II and III obesity tended to be higher in men (Table 2) .
When the logistic regression analyses were re-run entering the anthropometric measures as sex-specific deciles, the adjusted odds ratios in both sexes showed the same J shaped relationships (Supplementary 
Self-reported happiness
Overall, 7,511 (4.6%) participants reported feeling unhappy. Compared to those with good self-reported happiness, those with poor self-reported happiness were more likely to be women, obese, deprived, unemployed, non-white, smoked and reported comorbidity, but consumed less alcohol and were not significantly different in terms of age (Table 1) . In both men ( Figure 1 ) and women (Figure 2 ), the odds of being unhappy were higher in only the highest deciles of adiposity. There was a significant interaction with gender (p<0.001) but not with ethnicity (p=0.366). On logistic regression analysis, women who were obese, based on BMI, were more likely to be unhappy (Table 3) . Adjustment for the potential confounding effects attenuated the associations but they remained statistically significant (class III obese adjusted OR 1.38, 95% CI 1.16, 1.65, p<0.001) ( Table 3) . BF% was less discriminatory. Men only had significantly higher odds of unhappiness if they were class III obese (adjusted OR 1.29, 95% CI 1.03, 1.63, p=0.029), and overweight and class I obese men were significantly less likely to be unhappy than men of normal weight (Table 3) .
Overall, of the 44,457 participants with self-reported poor health, 39,869 (89.7%) were happy and, of the 7,511 participants who felt unhappy, 2,923 (38.9%) reported good health. After adjustment for SRH, obesity was no longer associated with a significantly increased risk of unhappiness (Supplementary Table   1 ). In women, being underweight was associated with increased odds of being unhappy even after adjusting for potential confounders including comorbidity (Table 3) . But when the analyses were stratified according to whether or not participants reported themselves as healthy, underweight women who reported themselves to be healthy were no longer significantly more likely to be unhappy (adjusted OR Table 2b ). Among men, there was a significant univariate association between being underweight and unhappy but this was no longer significant following adjustment for potential confounders (Table 3) .
Discussion
In this study we sought to investigate the relationship between obesity, health and happiness using a large cross-sectional study of the UK general population. We found that there was no association between happiness and self-reported good health which suggests that the general population may primarily define their health in terms of physical, rather than psychosocial, wellbeing. Overweight and obese individuals were significantly more likely to report poor overall health than individuals, of normal weight, even after adjustment for potential confounders, and irrespective of the anthropometric measure used. The association varied by sex such that obesity increased the odds of poor self-rated health in men more than in women. By contrast, obesity increased the odds of unhappiness in women more than men. Overweight and class I obese men were more likely to report being happy than men of normal weight, and men only reported feeling unhappy if they were severely obese. By contrast women reported unhappiness at lower levels of obesity. The significant association between obesity and unhappiness was lost following adjustment for SRH suggesting that the association may be mediated by health. Being underweight may occur as a result of ill-health, and underweight women were only at increased risk of unhappiness if they also reported themselves as unhealthy.
Self-reported poor health is a stronger predictor of mortality among men. 3 Our findings suggested that the association between poor SRH and obesity was also stronger in men. Both may be due to sex differences in the range of factors considered when self-reporting health. 4 Existing evidence is mixed as to whether SRH is poorer in overweight and obese individuals. Studies have reported different results across countries. 11;14;30 Poor SRH was more prevalent in the UK than other European countries, particularly in men. 30 By contrast, poor mental health was more prevalent in women in all the European countries studied. 30 There is a paucity of UK studies on the association between body weight and SRH, but our findings of higher poor SRH among overweight and obese individuals are in line with published international studies.
12;31
The sex differences we observed in the relationship between adiposity and happiness are consistent with the previous studies that have examined overall quality of life; as is the finding of greater happiness among overweight men. We previously reported sex differences in the relationship between BMI and mental health in a cross-sectional study of more than 37,000 Scottish adults. 18 Being overweight was associated with better mental health in men only and obesity was associated with significantly worse mental health in women only. Greeno et al reported an association between obesity and reduced life satisfaction in women only. 32 Obese men had significantly higher life satisfaction. 32 In a recent metaanalysis, health related quality of life was significantly reduced in class III obese adults and improved in overweight adults.
17
Health is an important determinant of well-being and happiness; but it is not the only determinant.
Electronic and print media promote thin and muscular models and are becoming increasingly unrepresentative of the general population in which more than 65% of individuals are either overweight or obese. Portrayal of these models as the ideal can promote negative body image and disordered eating. 33 Several studies have reported more discriminatory societal attitudes towards obesity in women than men. 34 Obesity-related stigma begins very early in life, as young as three years of age, and persists through childhood and adolescence into adult and later life. 22 There is evidence of discrimination in recruitment, education, news and the media. 35 Recurrent stigma, prejudice and discrimination could result in chronic psychological stress, reduced mental health and overall happiness.
A small number of previous studies have examined the association between level of adiposity and SRH and happiness. To our knowledge, this is the first study to examine the relationship across the full spectrum from underweight to class III obese, and use multiple anthropometric measurements. Use of UK Biobank provided a large sample of middle-aged and old-aged individuals recruited from the general population. We were able to adjust for a series of potential confounders, but as with any observational study, residual confounding is always possible. Many studies have used only BMI which is a poor measure of adiposity in muscular individuals. Having access to three other measures of adiposity (WC, WHR and BF%) enabled us to corroborate our findings using BMI. We were able to demonstrate interactions by sex and to undertake subgroup analyses accordingly. As with any cross-sectional study, it
was not possible to establish a temporal relationship and exclude reverse causation. Obesity may predispose to unhappiness. Conversely, unhappiness may lead to over-eating. A longitudinal study reported that after 5 years of follow-up, obesity, predicted unhappiness (OR 1.70) and depression (OR 2.16), but depression did not predict obesity. 36;37 Conversely, another study reported that baseline depressive symptoms influenced future adiposity but initial adiposity did not influence future depressive symptoms. 38 One weakness of this study is to have used a rating scale of happiness that has been rarely used. However, some previous studies which have used a similar happiness question using the full range of categories from extremely happy to extremely unhappy. 39 44 Inclusion was restricted to participants who had completed the happiness question.
They were more likely to be older (p<0.001), and deprived (p<0.001) than participants who did not complete the happiness question, but were not significantly different in terms of sex (p=0.855).
Conclusions
High levels of adiposity are associated with unhappiness as well as poor health. Compared with obese men, obese women are less likely to report poor health but more likely to report unhappiness. However, after adjustment for self-reported health the association between adiposity and unhappiness is lost, suggesting that this association may be mediated by health. This study further supports the existing evidence that there is an association between adiposity and subjective well-being, particularly perceived health, regardless of the anthropometric measurements used, and independent of various potential confounders, including comorbidity. These findings emphasise the need for individual and communitylevel interventions to reverse the increasing trend of obesity because it is a risk to mental, as well as physical, well-being.
and analysis, decision to publish, or preparation of the manuscript.
Financial disclosure
No external funding received
Competing interests
None declared.
Dr. Zia Ul-Haq is sponsored by the Higher Education Commission, Pakistan (Development of Khyber Medical University, Peshawar).
Licence for Publication
On behalf of all authors the corresponding author, grant permission of an exclusive licence on a worldwide basis to the BMJ Publishing Group Ltd to be published in JECH and any other BMJPGL products and sublicenses such use and exploit all subsidiary rights, as set out in their licence.
Contributors' statement
All authors contributed to conception and design. ZUH and DFM analysed the data. All authors agreed what analyses were required and interpreted the results ZUH wrote the first draft. All authors revised the manuscript and approved the final version and takes full responsibility for the manuscript. OR; Odds ratio, CI; confidence interval, Adjusted by age, socio-economic status, employment, ethnicity, alcohol consumption, smoking, and comorbidity (CVD, hypertension, diabetes and cancer 
Supplementary
